ABSTRACT: Esterases are enzymatic proteins known to play a role in insecticide resistance formation. To further our understanding of the development of insecticide resistance, we tested the gene expression level of a gene implicated in insecticide resistance (Temsha est-1) from Culex nigripalpus Theobald (Diptera: Culicidae) in field mosquitoes. We found that the level of expression of TE-1 differed depending on the frequency of exposure to organophosphate insecticide through expression studies. Temsha est-1 cDNA is 1,808 base pairs and fully sequenced with up to 96% nucleotide sequence identity to esterase B genes of other mosquito species. The genes from five different species, including TE-1, were closely related by genetic distance and phylogenetic analysis. Differential expression of this gene that is correlated to differences in susceptibility towards organophosphate would provide the ability to use Temsha est-1 as an indicator of the formation of tolerance/resistance. This would greatly enhance mosquito control efforts by allowing targeted application of insecticides to mosquito populations that are most susceptible. Also, it would provide resistance information so that a rational design could be used for insecticide rotation schedules. Journal of Vector Ecology 41 (1): 63-71. 2016.
INTRODUCTION
Conventionally, insecticides have controlled pest insects of either medical or agricultural importance, including mosquitoes, but repeated insecticide applications have always resulted in some insecticide-resistant populations. The efforts to control immature mosquitoes began in Florida in the early 1800s, and larviciding and adulticiding using dichloro-diphelyl-trichloroethane (DDT) was implemented in 1945 (Anonymous 1970 , Patterson 2004 . With increased DDT resistance, organophosphates (OP) were used to control both adult and immature mosquitoes (Rogers and Rathburn 1964) . The overuse of OP resulted in adopting a policy that only allowed use of OP for adulticiding in areas where it was not being used as a larvicide (Connelly and Carlson 2009) . Also, OP has been used for controlling pests on citrus farms and medically important pests, including mosquitoes, resulting in the development of insecticide resistance throughout Florida (Tiwari et al. 2011) . The use of alternating chemical control measures such as of OP and pyrethroids has been in practice in most districts in Florida (Connelly and Carlson 2009) . Although an effective form of control, mosquito resistance to the most commonly used chemicals has increased, allowing for the potential increase in the spread of arthropod-borne pathogens and nuisance mosquito species.
Enzymes that detoxify insecticides, such as OP, pyrethroids, and carbamates, include non-specific esterase, carboxycholinesterases, cytochrome P450s, Glutathione S-Transferases, and mixedfunction oxidase proteins (Vulule et al. 1999 , Corbel et al. 2007 , Zhou et al. 2009 ). The OP insecticide inhibits hydrolysis of esterase and the resistance mechanism against OP involves changing the conformation of the esterase protein to increase the affinity and decrease the capacity to bind to the OP insecticide (Hemingway and Karunaratne 1998) . There are a number of proteins involved in OP resistance, including non-specific esterase (Aldridge 1993 ). The Esterase B 1 protein is a non-specific esterase recognized as being involved in one of the characterized OP resistance mechanisms (Hemingway et al. 2004) . Culex nigripalpus is one of the most abundant mosquito species in Florida (Nayar 1982) and one of the most medically important mosquito vectors transmitting West Nile virus and St. Louis encephalitis. Culex mosquitoes are the most studied to characterize carboxylesterases as an insecticide resistance mechanism against OP and carbamates (Hemingway and Karunaratne 1998) . Because it is also known that non-specific esterases hydrolyze OP insecticides (Aldridge 1993) , it was no surprise to find that insecticide tolerance in Florida populations of Cx. nigripalpus mosquitoes was associated with a non-specific esterase, Temsha esterase-1 (TE-1). Additionally, TE-1 was suggested to be an inducible gene upon insecticide exposure and the partial sequence was shown to be 95% homologous with esterase -B from Culex quinquefasciatus (Eans et al. 2009 ).
Failure to control mosquitoes using chemical insecticides often results in the increased application of the same insecticide, leading to insecticide resistance. In some counties in Florida, the bottle bioassay and beaker test are used to determine the efficacy of insecticides and to monitor local insecticide resistance McAllister 1998a, Petersen 2004 ) while other counties do no use these monitoring methods. Without comprehensive, continuous, insecticide resistance monitoring, insecticide-insensitive mosquitoes, some with multiple resistance mechanisms (Corbel et al. 2007) , will continue to develop and mosquito control efforts will be ineffective during an emerging or re-emerging mosquito-borne disease outbreak. Ineffective insecticide application is wasteful and costly; lending further support to the development of risk markers that could identify insecticide-resistant mosquito populations.
Methods to detect insecticide resistance prior to changing a mosquito control strategy were developed to determine the efficiency of different control measures. Two biological assays, one standardized by the World Health Organization (susceptibility bioassay kit, WHO 1980) and the other by the Centers for Disease Control and Prevention (Brogdon and McAllister 1998a) , can be used to monitor the development of mosquito insecticide resistance. Other molecular biological or biochemical methods have been applied to insecticide resistance monitoring (Montella et al. 2012) . In this study, we elucidate the TE-1 esterase gene association to OP resistance in Culex nigripalpus and characterize the gene sequences. In addition, we discuss the feasibility of using the TE-1 esterase gene expression as a marker for the development of insecticide tolerance in Florida populations of Culex nigripalpus mosquitoes.
MATERIALS AND METHODS

Mosquitoes
Working with mosquito control districts from Indian River County and Manatee County, adult female Cx. nigripalpus mosquitoes (300-500 mosquitoes) were trapped at two collection sites within Indian River County (2011 County ( -2012 Approximately ten collected egg rafts were hatched and used for the experiments and raised to adults and 4-5 day old adults were used in the bottle bioassay (Petersen 2004) . The collection did not involve endangered species.
The lab population of Culex nigripalpus, previously collected from Vero Beach, FL, was reared and maintained under standard insectary conditions (26° C, 14 h/10 h light/dark period, 70% relative humidity) and fed chicken blood for oviposition. The use of chickens to maintain colony mosquitoes described herein complies with the strict guidelines in the approved protocol (Project #201207682) awarded by the University of Florida Institutional Animal Care and Use Committee.
Insecticide susceptibility test
The conventional bottle bioassay was modified for single mosquito bioassay because the RNA from each knocked-down mosquito will be used in gene expression assays. We used Dibrom, purchased from Amvac Chemical Co. (Axis, AL, active ingredient: 87% Naled). The Dibrom was dissolved in acetone based on guidelines in the Florida Mosquito Control Handbook (Petersen 2004) . For the single mosquito bioassay, we coated 3.2 µg of Dibrom inside of the 20ml vials based on surface area, which was LD 50 for the Lockwood population. Insecticide resistance was tested for 60 individual mosquitoes in Dibrom-treated vials and 20 control mosquitoes in acetone-only treated vials per each population. The previously mentioned mosquito populations were tested for OP insecticide resistance by the single mosquito vial bioassay. The single mosquito vial bioassay was repeated three times for each population. Individual adult Cx. nigripalpus were placed in each vial. The standard bottle bioassay procedure was followed. Individuals were collected when the mosquito in the vial was knocked down and not moving until 60 min had elapsed and was immediately frozen for subsequent RNA extraction and the time recorded. Mosquitoes that survived beyond 60 min exposure were also collected and immediately frozen. Each replication was repeated using collected samples from wild populations to prevent biased results due to a small sample size. The mortalities among four populations were compared with student-t test (p<0.05) using JMP version 8.0.2 (SAS Institute Inc. JMP ®  8 scripting Guide 2009). The statistics were done separately for each time period.
Quantitative RT-PCR
The quantitative differences in esterase gene expression were tested in the groups of samples arranged by mosquito survival time against Dibrom with quantitative RT-PCR. Total RNA was extracted by Trizol reagent (Invitrogen Carlsbad, CA) from adult mosquito bodies in each population and each survival time group for all three biological replicates following the included protocol. cDNA synthesis was carried out using the Enhanced Avian HS RT-PCR kit (Sigma, Saint Louis, MO) with reverse transcription completed using oligo dT, following the included protocols. The quantitative real time PCR performed with Bio-Rad SsoAdvanced Universal SYBR Green reagent followed the included protocols, using a Bio-Rad CFX® Real-Time PCR machine (Hercules, CA).
Quantitative RT-PCR assessed changes in specific gene expression through 60 min post-exposure, using a primer set for Cx. nigripalpus TE-1 gene (forward: 5'-TCGGTGCACTTGGATTCATCTCGT-3' , reverse: 5' AAGAGCGTGATGTTCTTCGGGTCA-3'). Total RNA from lab mosquitoes not exposed to Dibrom was used as baseline gene expression controls, as well as in all RT-PCR experiments. The positive controls for all RT-PCR reactions were a ubiquitously expressed actin gene (forward: 5'-AGATCTGGCACCACACGTTCTACA-3' , reverse: 5'-ATCTGCGTCATCTTCTCGCGGTTA-3'). The delta Ct values were determined for each sample by subtracting the average endogenous control value from the average experimental value. These values were used to determine the statistical significance between the mosquitoes from each population and in each survival group. The delta-delta Ct values were determined by subtracting the average delta value of the control mosquitoes from the delta Ct value of the experimental groups. These delta-delta Ct values were converted to percents after the exponential equation 2 -ΔΔCt was applied. The gene expression levels among four populations were compared with ANOVA (p<0.05) to evaluate the difference in gene expression and mortality among populations, using JMP (SAS Institute Inc. 2009).
Sequencing
Total RNA was extracted from mosquitoes from Buffalo
Creek and Lockwood using Trizol Reagent according to the manufacturer's instructions. Synthesis of cDNA and amplicons of the target sequences were carried out using the FirstChoice® RLM-RACE kit (Life Technologies, Carlsbad, CA) with reverse transcription completed using random nonamers, generating cDNAs of various sizes. The PCR product was purified and sequenced using the Sanger dideoxy sequencing method with Genome lab DTCS-quick start kit from Beckman Coulter (Pasadena, CA).
RESULTS
Insecticide tolerance in Florida populations of Cx nigripalpus mosquitoes, associated with Temsha esterase-1 (TE-1), was previously suggested to be an inducible gene upon insecticide exposure and the partial sequence was shown to be 95% homologous with esterase -B from Culex quinquefasciatus (Eans et al. 2009 ). This work extends the above study to determine if the TE-1 gene can be a marker for OP tolerance by studying distinct mosquito populations that vary in their insecticide exposure history.
The mortality was presented in 15 min increments to indicate the change in resistance level (Table 1, Figure 1 ). After the vial bioassay with the four populations, the Foxworthy and Grave Swamp populations showed over 70% mortality before 30 min while 63.9% of the Buffalo Creek population and less than 30% of the Lockwood population died before 30 min (Figure 1 ), supporting the assumption that previous OP exposure results in higher resistance. The bioassay results from the Lockwood population showed the highest resistance against OP, showing 46.1% survivorship after 60 min (Figure 1 ). The Buffalo Creek population seems to have developed resistance against OP, but the level of mortality suggests that the resistance seen in the Buffalo Creek population of mosquitoes is between the highly resistant and susceptible populations, as shown for the Lockwood and two sensitive populations, Foxworthy and Grave Swamp.
The TE-1 expression data were also presented in 15 min increments to indicate that the change in the resistance level is related to the change in gene expression in each group (Table 1, Figure 1 ). For each population, the mosquitoes were combined as groups that survived less than 15 min, 15-30 min, 30-45 min, 45-60 min, and more than 60 min (Table 1) , in order to capture the Temsha gene expression along with Dibrom susceptibility in each population. The TE-1 expression level in each population was measured by qRT-PCR. The group that survived less than 15 min and more than 60 min showed significantly different TE-1 expression with other groups (P<0.05). Mosquitoes in the 15-30, 30-45, and 45-60 min survival range expressed the TE-1 gene at a level that corresponds to a median level of OP resistance in this study without notable differences between each group (P<0.05). The gene expression results in each time period are not different across the populations but they are significantly different between time period <15 min and >60 min except for the Foxworthy population, because the Dibrom resistance level is based on number of dead mosquitoes. Thus, we determined that each time period showed the same level of gene expression, supporting the assumption that the TE-1 gene is differentially expressed based on levels of insecticide resistance for all tested mosquito populations (Table 1) (Figure 2) . The Foxworthy population seemed to have a low level of resistance and low TE-1 expression. The qRT-PCR results corroborate what was found with the vial bioassay and support that the Foxworthy population is sensitive to Dibrom. The TE-1 gene expression level in Foxworthy mosquitoes does not show significant differences across survival time periods. This may be caused by experimental errors because of the relatively small size or resistant individuals damaged prior to the vial bioassay may appear to be susceptible to OP insecticide, or this TE-1 related resistance to OP could be additively regulated by frequency of exposure.
The full-length nucleotide sequence of TE-1 (Accession #: KM190929) shares 96% identity with Esterase B1 (Accession # CPIJ013918) in the Cx. quinquefasciatus database (NCBI blastn) and is 1,808 base pairs (bp) in length including a 60 bp of untranslated region (Figure 3) . The full-length cDNA sequence of the TE-1 was compared and aligned with esterase from Cx. quinquefasciatus (CPIJ013918), Cx. pipiens (AAC47409), Aedes aegypti (AAEL010389), and Anopheles gambiae (AGAP006227). Their nucleotide sequence identities with TE-1 were 96%, 77%, Multiple sequence alignment 
-----------------------------------------------------------Cx. quinquefasciatus agttggccgcaacgggggtcgattactacagctttcagcggattccgtacgtgcagcctc
A. gambiae cgatcggtgagcgacgctttaaggatctggagctgccagagccatggacggagccgctgg Ae. aegypti ctgtcggcgatctaaggttcaaggatgctgtaccaccggctgcgtggacagaagagttgg Cx. nigripalpus CCGTTGGGGAGCTGAGATTTAAGGATGCACAGCCGCCCAAACCATGGACGGAGCCGTTGG Cx. pipiens -----------------tttaaggatgctcaaccgccgaaaccgtggacggaaccgttgg Cx. quinquefasciatus ctgttggagagttgagatttaaggatgctcaaccgccgaaaccgtggacggaaccgttgg ** ****** * ** * ***** ** * *** A. gambiae actgcacccagcagggccccagtggatatcagttcaacaagttgctgaacaagatcgtgg Ae. aegypti actgtacagtgcaaggacctgcaggataccaatttagtaagctgcagaataaaatcattg Cx. nigripalpus ATTGCACCGTCCAAGGACCTGGCGGTTATCAGTACAGTAAGCTGCTGAACAAAATTATTG Cx. pipiens actgtaccgtccaaggcccgggtggatatcagtacagtaagctactgaacaaaataattg Cx. quinquefasciatus actgtaccgtccaaggcccaggtgggtatcaatacagtaagctgctgaacaaaatcattg * ** ** ** ** ** ** ** ** * * *** * * *** ** ** * * A. Gambiae gcagtgaggatcacctgtacatgaatgtgtacacgaaagagctcaaaccggcaaaattgc Ae. aegypti gcaatgaggattgcctgcatatgaatgttttcacgaaaagtttagataagggtgaacggc Cx. nigripalpu GAAGTGAGGACAGCTTGCATATGAATGTGTTCACCAAGAACCTCGATGGTAAACAGTTGC Cx. pipiens gaagtgaggacagcttgcacatgaatgtgttcaccaagaacctcgatagcaagaagttat Cx. quinquefasciatus gaagtgaggacagcttgcacatgaatgtgttcacgaagaacctcgatagcaagcagttat * * ****** * ** * ******** * *** ** * * * A. gambiae gcccggtaatggtttggattcatgggggcgcttttatgcgcggctcaagcggaaccgaaa Ae. aegypti tacctgtgatgttgtacattcacgggggtgctttcaatcgaggttccagcggggtggaga Cx. nigripalpus TACCTGTGATGTTGTATATCCATGGAGGGGCTTTCATGAGAGGATCCAGTGGGGTGGAGA Cx. pipiens tacctgtgatgttgtatatccacggtggagccttcatgagaggatctagtggggtggaga Cx. quinquefasciatus tacctgtgatgttgtatatccacggtggggcctttatgagaggatctagtggagtggaga ** ** *** * * ** ** ** ** ** ** * * ** ** ** ** ** * A. gambiae tgtacggaccggactatctcatccaaaaggacattgtgctggttacgttcaactatcgca Ae. aegypti tgtacggcccagattacctaattcaagctgacgttgttttcgtgtcttttaattacagaa Cx. nigripalpus TGTACGGTCCGGACTATCTGATACAGAAGGATGTTGTGTTCGTTTCGTTCAACTACAGAA Cx. pipiens tgtacggaccagactatctgatacagaaggatgtggtgttcgtttcgttcaactacagaa Cx. quinquefasciatus tgtatggtccggactatctcatacagaaggatgtggtgttcgtgtcgttcaactacagaa **** ** ** ** ** ** ** ** ** * ** * ** * ** ** ** * * A. gambiae ttggagctttcggatttttgtccctcgattcgaaggagcttggcatacccggaaatggtg Ae. aegypti ttggcgctttaggatttatttcgtttgaatcgcctgaagtcgaccttcctggtaatgctg Cx. nigripalpus TCGGTGCACTTGGATTCATCTCGTTCGATTCTCCCGAGCTGGGACTCCCCGGTAATGCCG Cx. pipiens tcggtgctcttggattcatctcgttcgattctcctgagctgggacttccgggcaatgccg Cx. quinquefasciatus taggcgcacttggattcatctcgttcgattctcccgagctgggacttccgggcaatgccg * ** ** * ***** * ** * ** ** ** * * * ** ** **** * A. gambiae gtttgaaagatcagaatgtggcacttcgctgggtgcgcgacaacatcgcacagttcggtg Ae. aegypti gtctgaaagatcagaatctagcgttgcgatgggttgtcgaaaacattgaagcattcgggg Cx. nigripalpus GTCTAAAAGACCAGAACCTCGCGCTCCGCTGGGTGGTCGATAACATCTCCAACTTCGGTG Cx. pipiens gactgaaggaccagaacctnnnnntccgctgggtggtcgataacatcgccaactttggag Cx. quinquefasciatus gactaaaggaccagaacctcgcgctccgctgggtggtggacaacgtcgcctactttgggg * * ** ** ***** * * ** ***** ** *** * ** ** * A. gambiae gcgatcccgacaatgtgacgctgttcggtgagagtgccggtggctgctcggtccattacc Ae. aegypti gagatcccaataacataacgctgtttggcgagagtgctggtggctgttcggttcattatc Cx. nigripalpus GTGACCCGAAGAACATCACGCTCTTTGGGGAGAGCGCTGGGGGATGTTCCGTGCACTACC Cx. pipiens gtgaccccaagaacattacgctgtttggggagagtgccggtggttgttccgtgcactacc Cx. quinquefasciatus gtgacccgaagaacattacgctgtttggagagagtgccggcggttgttccgtgcactacc * ** ** * ** * ***** ** ** ***** ** ** ** ** ** ** ** ** * Figure 3 . Nucleotide sequences alignment of the Temsha esterase-1 with homologous esterase nucleotide sequences. quinquefasciatus tcctattctcgtttggaccagtgattgaaccctacattacaaagaattgcatgattccaa * * ** ** ** ** ** * ** ** *** * * * * * ***** A. gambiae aggcaccattagaaatgtgccgtgaggcatggagcaacgacatcgacatactgatcgggg Ae. aegypti aggacccactgaagatgtgtcgaaaagcatggagtcacgatatcgatatactcattggag Cx. nigripalpus AGGATCCCGTGGAGATGTGCCGTGAAGCTTGGAGTAACGAGATTGACATCTTGATTGGTG Cx. pipiens aggatccagtggaaatgtgtcgtgaagcttggagtaacgaaatcgacatcttgattggtg Cx. quinquefasciatus aagatcccgtagagatgtgtcgtgaagcttggagtaacgaaatcgacatcttgatcggcg * * ** * * ***** ** * ** ***** **** ** ** ** * ** ** * A. gambiae gaaacgccgaggaaggattgttctgcttgagctccatcaaggaaagccccgccataatgg Ae. aegypti gaaactcggaagaagggctttttagcttgagtgaaatcaaggataatccctcaatcatgg Cx. nigripalpus GTAACTCGGAGGAAGGTCTGTTTTGTCTCAACGGGATCAAGGAGAATCCTTCGATCATGA Cx. pipiens gtaactcggaggaaggtctgttctgtctcaacgggatcaaggagaatccctcgatcatga Cx. quinquefasciatus gaaactcggaagagggtctattctgtctgaacgggatcaaagaaaatccttcgatcatga * *** * ** ** ** * ** * * * ***** ** * ** * ** *** A. gambiae ataatctgaaaaacttcgagtatctcgtacctaccgagctagagctggtgcgtggatcgc Ae. aegypti aaaatttgaaagattttgaatatttagttcccttggagcttgacttggtaagaacgtctc Cx. nigripalpus GTAACCTGAAGGACTTTGAGTATCTGGTTCCGCTGGAGCTCGACTTGGTGCGGACTTCGC Cx. pipiens gtaacttgaaggactttgagtacctggttccgctggagctggacctggtcagaacttctc Cx. quinquefasciatus gtaacttgaaggactttgagtatctggttccgctggagctggacttggtacgcacatctc ** **** * ** ** ** * ** ** ***** ** **** * ** * A. gambiae aagcatgccagcagtatgggctgaagttgaaaaagttctactacggtggatcccaaccat Ae. aegypti acagatgtaaggagtttggaaacagattgaagaagcattactatggagatacggaaccat Cx. nigripalpus AGCGATGCAAAGAGTTGGGCAAGCAGATGAAAAAGTTCTACTACGGTGAGACGGAACCAT Cx. pipiens agagatgcaagcaggtgggcaaacagatgaagaagttctactacggtgaaacggaaccgt Cx. quinquefasciatus agagatgcaaagaggtgggcaagcagatgaaaaagttctactacggtgaaacggaaccgt * *** * ** ** **** *** ***** ** * * **** *
quinquefasciatus cgtttgagaatcgagagggttacctcacgcatcgttccacacagctgatgaccgacaagc * ** ** *** * ** ** ** * ** ** ***** ** ** A. gambiae tcttctggcacgggctgcaccgtaccgtctgctcgaggatcagctcccaaaagccggcca Ae. aegypti tattttggcatggtttacatcggacgatttatggaagaatcaattctaaaaagctagcaa Cx. nigripalpus TGTTCCTGCACGGACTGCATCGTACGATCCTGTCAAGACTCAATTCAAAGAAGTCAGCTA Cx. pipiens tattcctacacggactacatcgcacgatcttgtcaagactcaactcgaagaaaccgtcga Cx. quinquefasciatus tattcctgcacggactgcatcgtacgatcctgtcaagactcaactcgaagaaaccgtcga * ** ** ** * ** ** ** * ** *** ** * ** * * A. gambiae aaacgttcgtctaccggtttgcagtggattcggagacgtacaatcactatcgcatctatt Ae. aegypti aaacatacgtctatcggttctcagttgactcggacacctacaatcactacaggatctact Cx. nigripalpus AAACCTTCTTGTATCGCTTCTCCGTTGATTCGGAAGTCTACAACCACTACCGGATCGTGT Cx. pipiens agaccttcctgtaccggttttccgtagattcggacacctacaaccactaccggatcgtgt Cx. quinquefasciatus agacgttcctgtaccggttctcggtagattcggacacctacaaccactaccggatcgtgt * ** * * * ** ** ** * ** ** ***** ***** ***** * *** * A. gambiae tttgcgatcgtaacgtgcgcggtaccgcccatgcggatgatctttcgtatctgtttaaga Ae. aegypti tttgcgataagaacgtccgtgggacagcacacgccgatgatctatcctacatcttcaaga Cx. nigripalpus TCTGTGACAAGAACGTGCGCGGAACGGCCCATGCCGACGATCTGTCGTACATCTTCAAGA Cx. pipiens tctgcgacaagaacgtgcgcggcacggcccatgccgacgatttgtcgtacatcttcaaga Cx. quinquefasciatus tctgcgacaagaacgtgcgcggaactgcccatgccgacgatctgtcgtacatcttcaaga * ** ** ***** ** ** ** ** ** ** ** *** * ** ** * ** **** acgaatgggaatcgattgcgacgccaacgggaccgttcaagtgtctcaacatcaac----Cx. quinquefasciatus acgaatgggaatcgattgcgacgccggcgggaccgttcaagtgtctcaacatcaacaacg * *** * * * * ** * ***** * ** ** * *
quinquefasciatus cactgaaataaaaatacacgttagattc 88%, and 74%, respectively. In the results from the phylogenetic analysis with the same homologous esterase sequences, the species under the Culex genus were clustered together, with Ae. aegypti and A. gambiae segregated from the Culex genus and from each other (Figure 4) . Each of the esterase sequences was closely related not only to each other but also with TE-1 in genetic distance. Both genetic distance and the phylogenetic results indicate that the TE-1 gene is closely related to esterase B 1, known to break down OP insecticide and show genetic diversity from other Culex species.
DISCUSSION
The Lockwood population of Indian River County showed the highest OP resistance levels of all populations in this study. Unlike Manatee County, insecticide application records of Indian River County sampling sites are not available so resistance in this case could be a result of run-off from other agricultural areas in the region or from past mosquito control efforts. Regardless, the data, on mosquitoes with known exposures due to records from Manatee County and from this study, indicate that the OP resistance level is high in Lockwood and is very low in Grave Swamp. The Buffalo Creek population, Manatee County, showed median resistance levels while Foxworthy was susceptible to OP.
In Cx. quinquefasciatus, it is possible that more than two esterase alleles, (Estrase A and Esterase B) are related to 90% of those from other mosquito populations showing OP resistance (Vaughan et al. 1995 , Paton et al. 2000 . The Esterase B1 to which TE-1 showed highest (94%) similarity based on translated nucleotide sequence is found in OP-resistant Cx. quinquefasciatus (PelRR, MRES) strains (Vaughan et al. 1995) . The second best matched esterase from the blast result of the full TE-1 cDNA sequence is Cx. quinquefasciatus alpha2 esterase (Accession # Z47988.1), with 93% identity and 89% coverage.
It is not clear whether OP resistance in Cx. nigripalpus is conferred only by amplification of esterase B or they have different alleles for the susceptible strain, but the results of the bioassay and gene expression suggest that the resistance levels in populations of Cx. nigripalpus from Lockwood and Buffalo Creek is increased by frequency of OP exposure. These two Cx. nigripalpus populations have similar TE-1 cDNA sequences, although they showed different resistance levels against OP insecticide. Therefore, expression of the TE-1 gene is increased by the amount of OP exposure in these populations.
The wild populations of Cx. nigripalpus from Florida used in this study carry the esterase B allele in both groups, resistant and susceptible. Also, the bioassay result corresponds with TE-1 gene expression results. This suggests that this TE-1 esterase B gene may be inducible by consistent exposure of OP pesticide. The Acetylcolinesterase (Ace-1) target site mutation G119 is known to be associated with OP resistance in mosquito species (Alout et al. 2007 , Essanadoh et al. 2013 ). The ace-1 mutation might also be involved in OP resistance of these populations. However, it is common that a combination of resistance mechanisms contribute to the phenotype (Kudom et al. 2015 , Liu 2015 . We found that the non-specific esterase gene TE-1 is additively expressed with the level of resistance, confirming involvement of TE-1 in OP resistance in Cx. nigripalpus. Also, the TE-1 gene may be involved in resistance to other insecticides from other species.
The results from the esterase gene expression study will increase our knowledge about possible resistance mechanisms employed by mosquitoes in these areas and throughout Florida. Additionally, the TE-1 gene expression information is useful in studying the similarity and/or differences between esterase proteins from other mosquito species. Therefore, this study provides information for the improvement of an assay to monitor changes in insecticide susceptible mosquito populations. It is possible to produce antibodies against TE-1 and develop an easily-detectable OP resistance monitoring kit using horseradish peroxidase-labeled TE-1 antibodies that react to peroxide and a chemiluminescent substrate. The ability to monitor the increase in insecticide tolerance could potentially be used to evaluate the effectiveness of mosquito control in natural mosquito populations across Florida, which will enable targeted mosquito control with only the most effective chemicals. 
